Objective We investigated whether time of birth, unit volume, and staff seniority affect neonatal outcome in neonates born at ≥34 +0 weeks of gestation.
Results
The odds ratio for severely adverse events during the night-time (22:01-07:29 hours) compared with the daytime (07:30-15:00 hours) was 1.35 (95% confidence interval, 95% CI 1.13-1.61). There were no significant differences in neonatal outcome comparing weekdays and weekends, and comparing office hours and shifts. Units with 500-1000 deliveries per year had the lowest risk for adverse events. Adverse and severely adverse neonatal outcomes were least common for midwifeguided deliveries, and became more frequent with the level of experience of the doctors attending the delivery. With increasing pregnancy risks, senior staff attending delivery and delivering in a tertiary centre reduce the odds ratio for adverse events.
Introduction
Whereas the majority of women give birth during the outof-hours period, most maternity units are better staffed during regular working hours, with smaller teams remaining on call during out-of-hours periods, on weekends and holidays. 1 In fact women go into labour-and can develop an intrapartum emergency-at any time. This imbalance carries potential risks for adverse delivery outcomes.
Various risk factors possibly affect the perinatal outcome during nights and weekends. [2] [3] [4] [5] [6] [7] Some studies have reported a higher incidence of obstetric adverse events during outof-hours periods, with reduced staff size and limited availability of services, but others have not confirmed this. 4, 8, 9 In addition, the influence of unit volume on fetal outcome remains unclear. Snowden et al. 10 found an association between obstetric volume and perinatal outcomes, whereas Tracy et al. 11 did not. It is also unclear whether the continuous presence of a senior obstetrician on the labour ward positively influences outcome variables. Both equal outcomes of midwife-and obstetrician-guided deliveries and lower stillbirth rates in units with higher levels of senior obstetric specialist staffing have been reported.
2, 12, 13 Differences might be explained by the heterogeneity of health care systems in different countries, but this challenges the comparability of findings.
The primary aim of this study was to evaluate whether time of delivery, unit volume, and the seniority of the attending staff during delivery were associated with adverse neonatal outcomes in the Austrian province of Styria. We hypothesised that deliveries during out-of-hours periods and at units with fewer deliveries were associated with an increased risk for adverse neonatal outcome. We hypothesised that uncomplicated deliveries managed by midwives and junior staff would have better neonatal outcomes than deliveries managed by senior obstetrical staff members (consultants, obstetricians specialised in feto-maternal medicine), who inherently should be involved in complicated pregnancies and deliveries. Feto-maternal and demographic variables were included for multivariate analysis and assessed for individual impact on neonatal outcome events.
Methods

Obstetrics in the study area
Compared with other European countries the home birth rate is low in Austria, with women at both low risk and high risk for complications giving birth in hospitals.
2 The perinatal mortality rate in Austria is 2.2-2.5/1000 deliveries, an obstetric outcome that ranks in the top third in Europe. 14, 15 Prenatal care is mainly performed by obstetricians, with midwives usually meeting women for the first time at the onset of labour. In the Austrian province of Styria, with a population of 1.23 million, over 90% of all deliveries occur in ten public hospitals. These ten hospitals include units with a volume of births ranging from less than 250 per year to more than 3500 per year. All hospitals have inhouse anaesthesiologists and mandatory decision-to-delivery times of less than 20 minutes. In the smaller departments senior residents perform emergency caesarean section and urgent vaginal operative deliveries alone, or consultants are on duty during out-of-hours periods and weekends. At the two perinatal tertiary centres at least one consultant and one resident are always present in house. In-house neonatologists are continuously available in the perinatal tertiary centres, and by air or ground for the other departments. Uncomplicated deliveries with an uneventful antenatal course are usually attended by Obstetrics & Gynaecology (O&G) residents and midwives. Occasionally these deliveries can also be managed by interns (doctors in training for general practitioner), or general practitioners (GPs) and midwives. Deliveries managed by midwives alone are exclusively assigned for women considered to be at low risk for complications, but not on the patients' choice. The final decision who needs to be present during a delivery is made by the obstetrician on duty in the labour ward. In deliveries where complications are likely to arise more senior obstetrical staff are involved ab initio. There is no graduation in different categories of midwives in Austria (e.g. consultant midwives).
This was a population-based prospective cohort study of deliveries at ten public hospitals in the province of Styria between 1 January 2004 and 31 December 2015. Perinatal data from all public obstetric departments were prospectively gathered in the central perinatal patient records system (ViewPoint; GE Healthcare, Buckinghamshire, UK). This database includes information about pregnancy-and delivery-related as well as early neonatal data. Once a year the records are evaluated by the board of the Styrian Birth Registry and sent to a national office (Statistics Austria), where an additional data check is performed. In case of inconclusive or missing data the respective departments are contacted for clarification. As all data were extracted from the obstetrical database women were not actively involved in the study. There was no external funding for the study.
Study population
During the study period a total of 105 799 neonates were born in the participating hospitals. This study analysed singleton and multiple pregnancies; we excluded deliveries before 34 +0 weeks of gestation, antepartal stillbirths before the onset of labour, prenatally diagnosed fetal anomalies, and elective caesarean sections. In cases of multiple births with one or more antenatal fetal deaths only the surviving fetuses were included.
The lower cut-off point of 34 +0 weeks of gestation was chosen because it marks a significant change in the obstetrical management protocols of all study centres, with tocolysis, corticosteroids for lung maturation, and mandatory admission to a neonatal intensive care unit (NICU) for pregnancies with impending delivery before 34 +0 weeks of gestation. At a gestational age of ≥34 +0 weeks of gestation, deliveries are possible in all of the participating hospitals.
Neonatal outcome measures
Intrapartum and early neonatal data were used to create two composite outcome measures. 16 The primary composite outcome measure was 'severely adverse outcome', defined as an arterial umbilical cord blood pH of ≤7.00, a 5-minute Apgar score of ≤3, cardiac massage/cardiopulmonary resuscitation, or intrapartal or early neonatal mortality (death within 7 days after live birth). The secondary composite outcome measure was 'adverse outcome', defined as an arterial umbilical cord blood pH of ≤7.05, a 5-minute Apgar score ≤6, admission to NICU within 24 hours of birth, or respiratory support (ventilation, oxygen support or intubation). The cut-off values for pH were chosen based on the fact that neonatal death becomes more likely at a pH of <7.00, and seizures become more likely at a pH of <7.05. 17 Throughout the study period cord clamping was perfomed routinely for all deliveries within the first minute after birth, independent of the mode of delivery, at all participating hospitals. Cord blood pH was analysed immediately after sampling using a blood gas analyser located directly in the labour wards.
Core outcome sets: time of birth, seniority of staff, and volume of maternity unit
The time of birth was categorised by the time of day and by weekday. Full staff size is usually only available on workdays between 07:30 and 15:00 hours. The out-of-hours periods were further divided into an afternoon period (15:01-22:00 hours) and a night period (22:01-07:29 hours). In Austria the on-call teams are present for 24 hours from 07:30 hours, and are hence part of the team during standard office hours on weekdays. A week was divided into weekdays (Monday-Friday) and weekends (Saturday, Sunday, and public holidays).
Independent of the categorisation into day, afternoon, or night, we also compared office hours (Monday-Friday, standard office hours) and out-of-hours (afternoon, night, and weekend) to discriminate differences between a possible effect during the night as a result of prolonged work time (night) and reduced staff size (afternoon and night). Medical staffing levels were categorised into four groups: (i) midwife only, with no doctor attending the delivery; (ii) midwife plus intern or GP attending the delivery; (iii) midwife plus O&G resident attending the delivery; (iv) midwife plus consultant attending the delivery.
The ten maternity units participating in the study were classified according to their average number of deliveries per year during the study period: (i) two perinatal tertiary care centres with consultants for obstetrics, a neonatologist and an anaesthesiologist present 24 hours/7 days; (ii) one department with >1000 deliveries per year; (iii) four departments with 500-1000 deliveries per year; and (iv) three units with <500 deliveries per year.
Demographic and delivery-related variables
The initial data set covered demographic and clinical parameters, including body mass index (BMI), maternal age, parity, gestational age, mode of delivery, induction or augmentation of labour, fetal birthweight, fetal gender, analgesics during trial of spontaneous labour, singleton/ multiple gestation, and duration of labour (from onset of labour to delivery).
Statistical analysis
To avoid biased results when estimating model coefficients multiple imputations (30 imputations) to substitute those missing values by plausible values were performed. [18] [19] [20] [21] In a next step a directed acyclic graph (DAG; Figure S1 ) was created to identify variables that are not confounding factors, but are downstream mediators. Based on that, in order to avoid collider stratification bias, variables that pertain to labour-related procedures were excluded from modelling analysis.
Generalised linear mixed models (GLMMs) with logit link were used to conduct multivariate statistical analysis, with the hospitals included as random factors to represent that all births that took place in the same hospital are not independent from each other but are influenced by the factor 'hospital'. 22 In a final step, a sensitivity analysis to illustrate the effects of the unmeasured confounding effect of pregnancy risk (high-risk pregnancies) on the staff attending delivery and on the category of maternity unit was performed. 23, 24 For a detailed description of the statistical analysis see Appendix S1.
Results
A total of 105 799 neonates were born at the ten hospitals during the study period; 17 284 cases (16.3%) were excluded by the exclusion criteria, 1160 cases (1.1%) were excluded because of incomplete or inconclusive data. Hence, the GLMM analysis was based on 87 065 cases. For details of the inclusion and exclusion process, see Figure S2 . Maternal and neonatal characteristics are shown in Table 1 .
A total of 4852 cases (5.6%) had an adverse outcome and 764 cases (0.9%) had a severely adverse neonatal outcome. Table 2 shows the GLMM analysis of demographic, clinical, and hospital-related factors.
Time of the day was associated with severely adverse events, with an OR of 1.35 (95% confidence interval, 95% CI 1.13-1.61; P < 0.001) for the night-time period. This effect did not reach significance in afternoons or for adverse events at any time period. The incidence of neonatal adverse and severely adverse events during out-of-hours periods compared with office hours did not differ (P = 0.501 and 0.820, respectively). GLMM analysis for day of the week (i.e. weekday versus weekend) showed no significant differences in neonatal outcome.
Adverse and severely adverse neonatal outcomes were least common for midwife-guided deliveries, and increased with the seniority of the doctors present at delivery. Compared with the standard situation of an O&G resident being present during delivery, the odds ratio for an adverse outcome (OR 1.74; 95% CI 1.63-1.86; P < 0.001) and a severely adverse outcome (OR 3.28; 95% CI 2.77-3.89; P < 0.001) was higher when a consultant was present, was lower for adverse events in midwife-guided deliveries (OR 0.57; 95% CI 0.40-0.82; P = 0.002), and for adverse (OR 0.71; 95% CI 0.63-0.81; P < 0.001) and severely adverse events (OR 0.47; 95% CI 0.31-0.72; P < 0.001) when an intern/GP attended the delivery. Figure 1 shows the corrected odds ratios in a sensitivity analysis graph for the potential effect of the unmeasured confounding factor of high-risk pregnancy, which illustrates the decreasing risk for neonatal adverse events when more senior staff are present at the delivery in cases with increased pregnancy risks.
Maternity Figure 2 shows the sensitivity analysis graph for the potential effect of the unmeasured confounding factor of 'high-risk pregnancy', which illustrates the decreasing risk of neonatal adverse events for deliveries in tertiary centres with increasing pregnancy risks. Data for severely adverse outcome events are shown in Figure S3 .
Other maternal and pregnancy-related variables were associated with the incidence of adverse and severely adverse events. Higher gestational age decreased the risk of adverse outcome events and higher fetal birthweight decreased the risk of a severely adverse and an adverse outcome events. Multiparity, singleton pregnancy, and female fetal gender did not affect severely adverse events, but lowered the risk for adverse neonatal outcomes. Maternal variables only had a small impact on the occurrence of adverse fetal outcome. Higher/lower BMI has a significant impact on fetal adverse outcome (OR 1.13; 95% CI 1.10-1.17) and severely adverse outcome (OR 1.22; 95% CI 1.14-1.31).
In the final model several predictor variables have not been included. When adding those remaining variables separately to the final model and comparing these extended models to the final model by ANOVA none of the models reached a P value below 5%. The P values for variables for adverse outcome are: maternal age, P = 0.847; day of the week, P = 0.989; time of day, P = 0.761; and office hours versus out of hours, P = 0.501. The P values for variables for severely adverse outcome are: maternal age, P = 0.271; gestational age, P = 0.359; singleton/multiple gestation, P = 0.764; parity, P = 0.113; fetal gender, P = 0.569; delivery volume of the unit, P = 0.655; day of the week, P = 0.712; and office hours versus out of hours, P = 0.820.
Discussion
Main findings
The present study demonstrates an association between the time of birth and short-term neonatal outcome. Severe adverse outcomes were more frequent in the afternoon and especially in the night, compared with daytime, for deliveries at ≥34 +0 weeks of gestation. With the highest numbers of severely adverse events occurring during the night, this association appears to be based on the fatigue of the attending staff as well as the reduced personnel coverage during the out-of-hours period. 25, 26 This reduced personnel coverage might be a contributor, especially at times with capacity strain during weekday afternoons and weekend days, where labour ward admission volumes are comparable with those of normal office hours. 27, 28 Staff seniority has an association with neonatal adverse and severely adverse events, with a higher risk for deliveries attended by senior obstetrical staff; however, the sensitivity graphs ( Figure 1 and Figure S3 ) indicate that this result needs to be interpreted with caution, as staff seniority appears to become protective against adverse events when the odds of pregnancy risks (gamma) exceeds a value of approximately 2.3 for adverse outcome and 6.0 for severely adverse outcome, respectively.
Similarly, only at first glance are delivery volume and tertiary perinatal centres associated with the highest risk for adverse outcome events. When taking into account that high-volume departments and tertiary care centres deal with higher rates of women at risk for complications, the results change and delivering in a perinatal centre appears to become safer for women Results are shown as odds ratios with 95% confidence intervals. *The odds ratios refer to an increase of 1 standard deviation in the exposure.
#
Category excluded during GLMM analysis because of non-significance.
with odds of pregnancy risk (gamma) exceeding a value of 5.0 for adverse outcome events.
Strengths and limitations
This study included over 90% of all births in the Austrian region of Styria, with only two small private obstetrical units and home births excluded, as data from the private units and home births are not stored in the central perinatal patient records system. Therefore, this study can be seen as population-based research as it pertains to a general population defined by geographical boundaries. 29 The generalisability and external validity might not be fully realised, however, because of the observational character of the study and the large heterogeneity of healthcare structures in different countries.
Despite including all levels of obstetric units in the region, applying the findings to an individual hospital setting needs to be done carefully. With small numbers of independent units (i.e. hospitals) in some of the categories, caution is required when interpreting the results. We cannot be sure that some of our results truly characterise the effect (or even association) of the volume/size of a hospital, or are biased by the specific, idiosyncratic nature of one single hospital. The seniority of the staff was defined by the position in the departmental hierarchy, and did not include the individual years of work experience. A more junior consultant or midwife might handle things very differently to a senior midwife or consultant. Additionally, higher delivery rates and differences in the complexity of case mixes might lead to differences of experience in regional and tertiary hospitals. Furthermore, at larger tertiary centres on-call obstetric coverage can be provided by consultants whose day job is a gynaecological subspecialty rather than obstetrics. Future studies might attempt to address this and these results might affect future rotation planning. 28 Snowden et al. 27 reported on the effect of fluctuations in admission/patient load and capacity strain, which increased perinatal complication rates during busy days and weekends. Although we believe that this might be an impacting factor, we are unable to adjust our outcome data to labour ward volume and cannot evaluate whether the higher number of adverse and severely adverse events is concentrated on busy afternoons and weekend days.
In contrast to the majority of previous studies, the present study did not exclude high-risk pregnancies. We included known risk factors such as parity, multiple gestation, BMI, and maternal age in the GLMM analysis, but were unable to include a more detailed discrimination of pregnancy risks. In fact our database does include a variable 'risk pregnancy', but this is fairly unspecific and can range from any adverse events in previous pregnancies, or the woman's history, from a maternal age >35 years to serious problems in the current pregnancy. Therefore, we assumed this marker to be of limited value for analysis, and did not include it as a variable in the GLMM. This can be seen as a strength or a weakness. The inclusion of highrisk pregnancies, which in fact are managed only rarely in regional hospitals, might bias the generalisability of the results. On the other hand handling high-risk pregnancies regularly might lead to a higher level of staff experience at the perinatal centres. Instead of using the unspecific variable 'risk pregnancy' from the database, we performed a sensitivity analysis with estimated rates of women with risks for delivery complications to illustrate the expected impact of risk factors on the odds ratio for adverse outcome events in the different settings. These estimated rates (e.g. 55% high-risk pregnancies in the tertiary centres) might be very different in other healthcare settings, where tertiary centres do not cover primary and secondary care as well. 
Interpretation
The literature on outcome of deliveries at night is inconsistent. 4, 5, [30] [31] [32] [33] [34] [35] In the Netherlands, Gijsen et al. 36 reported worse outcomes for low-risk pregnancies transferred to hospital after the onset of labour only, whereas others found no increased risk of adverse perinatal outcomes for planned home births among women at low risk. 37 Studies in other countries have reported increased perinatal morbidity during the afternoon and night for smaller units, and during the night for tertiary care centres; 2 most of these reports attribute these results to the reduced number of staff and staff experience at night. In Austria larger units have consultants in-house 24/7, and also in the smaller units, where consultants are sometimes available on call but not in-house, only senior residents do nightshifts alone, which might be the reason for the missing differences when comparing out-of-hours periods and office hours, and weekdays and weekends, in the present study.
In contrast to reports that found no impact of the level of experience, 4, [38] [39] [40] [41] or to de Graaf et al., 2 who found an inverse correlation of staff seniority and neonatal adverse events, we found more adverse outcomes with increasing seniority of the attending obstetricians in the initial modelling data. More senior staff attending and increased adverse neonatal outcome seems contradictory, when assuming an association of a high level of seniority and education with good obstetric outcome; however, there might be several explanations for the present findings. First, it can be seen as a proof of a system working appropriately, where staff awareness for impending, sometimes unavoidable, neonatal adverse events leads to the involvement of more experienced staff members (consultants) in initially uneventful deliveries. Also it is likely that senior staff are more likely to be involved in the management of high-risk deliveries ab initio, whereas low-risk deliveries are handled by midwives and residents. Further consultant guidance itself might lead to increased interventions, such as the induction of labour, which are known to affect outcome data.
Conclusion
In conclusion, our data support the management of deliveries with low risk of complications by junior staff with no negative impact on perinatal outcome. Achieving a better balance between the total number of labour ward staff during the day and during the night appears to be of higher importance than increasing the presence of senior obstetricians in the labour ward during the night. Midwife-guided deliveries with adequate obstetrical backup appear appropriate for low-risk deliveries. Upcoming studies might try to liaise obstetrical, neonatal, and paediatric data to create composite long-term outcome measures, including interventions at NICUs and neurodevelopmental short-and long-term outcome.
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